Introduction
Derivatives of quinoline and its isosteres and analogues are remarkable compounds with many different kinds of biological effects. A number of quinoline-related compounds express antifungal [1] [2] [3] [4] , antibacterial [5] [6] [7] , antiviral [8] [9] [10] , antineoplastic [11] [12] [13] [14] [15] and other activities [16] [17] [18] .
The stable and polar amide group is an important functionality among the organic substances present in common natural materials like proteins. Moreover, this moiety is found in many synthetic compounds, such as active pharmaceutical ingredients (APIs) or prodrugs [19] . Due to these facts, the amide group is a subject of high interest in drug design and discovery, therefore formation of amides from amines and carboxylic acids and their derivatives is one of the most described transformations. The formation of the amide bond requires activation of a carboxylic acid functional group. The most common methods involve either its activation through acyl chlorides, anhydrides, active esters and other reactive carboxylic acid derivatives or in situ activation by using a large family of various coupling reagents. Although both approaches usually afford satisfactory results, they often need expensive coupling reagents or lead to the formation of by-products requiring further separations [20, 21] .
Microwave-assisted organic synthesis has been successfully applied in organic and medicinal chemistry over the last decades. The use of microwave irradiation as non-conventional energy source to simplify and improve classic organic reactions has become a very popular method, because it often leads to higher yields, improved conversions, clean product formation and shorter reaction times [22] [23] [24] [25] [26] [27] [28] .
Results and Discussion

Chemistry
Substituted quinoline-2-carboxanilides were initially synthesized from quinoline-2-carboxylic acid and corresponding substituted anilines. The activation of carboxylic function was carried out by using an excess of thionyl chloride and catalytic amount of dimethylformamide in standard manner. When this type of activation was performed, in addition to desired acyl chloride 2 undesired chlorinated by-product 3 formed by chlorine attack on position 4 of the quinoline ring was observed (Scheme 1). Scheme 1. Standard synthesis of quinoline-2-carbonyl chloride (2) together with 4-chloroquinoline-2-carbonyl chloride (3) .
It is well-known that pyridine ring chlorination occurs when pyridinecarboxylic acid is treated with thionyl chloride in the presence of a small amount of anhydrous dimethylformamide. The formed so-called Vilsmeier reagent is well described and used for formation of 4-chloropyridines as intermediates in the synthesis of the multiple kinase inhibitor sorafenib [29] . A method for direct chlorination of quinoline in position 4 has not been described in the literature so far. On the other hand, formation of 4-chloroquinoline derivative hampered our efforts to prepare pure quinoline-2-carboxanilides. When anilides were prepared from the mixture of acyl chlorides 2 and 3 (20-30%), there was no option to separate them other than chromatography. Attempts to optimize reaction conditions (temperature, ratio of reagents, reaction time, etc.) to reduce the amount of undesired intermediate 3 all failed.
Another possibility for the synthesis of the desired quinoline-2-carboxanilides is to perform a direct amidation process starting from an acid or ester precursor and substituted anilines under microwave irradiation [28, 30] . Therefore the reaction was performed in a StartSynth microwave reactor using different starting materials. The method was tested on following compounds: quinoline-2-carboxylic acid (1a), 2-naphthoic acid (4a) and their esters methyl quinoline-2-carboxylate (1b), phenyl quinoline-2-carboxylate (1c) and ethyl 2-naphthoate (4b). All those compounds reacted with 4-bromaniline as a model amine to yield the desired products N-(4-bromophenyl)quinoline-2-carboxamide (5c) and N-(4-bromophenyl)naphthalene-2-carboxamide (6), see Scheme 2. The synthesis was performed under various conditions: solvent-free, in dimethylformamide (DMF) or in chlorobenzene (PhCl). All the reactions were performed without or with homo/heterogeneous catalysts: p-toluenesulfonic acid (PTSA), potassium tert-butoxide (tBuOK), silica gel and KF/Al 2 O 3 . Microwave output power of the reactor in all experiments was set to 800 W. The reaction temperature was 150 °C in order to shift the equilibrium by water removal. The ratio of an acid derivative and amine was 1:1.5. The reactions were irradiated up to maximum 2 h and were monitored by HPLC analysis. The results are summarized in Table 1 . 
From the first tests it was already evident that the direct amidation of 2-quinaldic acid (1a) is hampered by formation of decarboxylated product-quinoline (7). It was determined that when the reaction was carried out in DMF and catalysed either with PTSA or tBuOK, only decarboxylated compound 7 was produced. On the other hand, in case of 2-naphthoic acid (4a) there no traces of decarboxylated product 8 (naphthalene) were observed.
When the reaction was performed in solvents like DMF or chlorobenzene, it generally did not lead to any improvement. Although the use of methyl ester 1b suppressed decarboxylation, it did not enhance reactivity towards the amides significantly. The same applies to ethyl ester 4b. The results showed that, in almost all cases, the reactions did not proceed cleanly, and the formation of side products and impurities was noticed. Finally, utilization of phenyl ester 1c in reaction with 4-bromoaniline under microwave irradiation in solvent-free conditions showed spectacular acceleration, high conversion in relatively short reaction time and high product purity. Having optimized the substrate structure and the conditions in hand, the scope of the procedure was consequently evaluated by varying the aniline. Eighteen commercially available ring-substituted anilines were explored as reaction partners to phenyl ester 1c and very good yields (61-89%) and satisfactory purities of products 5-5c and 9-13c were obtained. All of the studied compounds were prepared according to Scheme 3. The total structure of 5c can be described as a slightly screwed boat with no intermolecular hydrogen bonding. The intramolecular N1-H1···N2 contact is present along with another short contacts forming the 3D structure (Figure 2 ), instead of a stairs-like supramolecular architecture typical for previously reported members of the families of N-(4-halophenyl)quinoline-2-carboxamides [31] or N-(4-halophenyl)pyridine-2-carboxamides [32] [33] [34] [35] . These molecules have typically 2D-layered structures without H-bridges and even π-π stacking. On the other hand, the structure of 5c reveals a weak interaction between the C=O moiety and the coplanar aromatic system of the proximate molecule. The contact between the bromine atom and the perpendicularly oriented π-system of the quinoline ring is probably responsible for the 3D arrangement of molecules.
Experimental Section
General
All chemicals were reagent grade and were purchased from Sigma-Aldrich and Acros. TLC analysis was performed on precoated 60 F 254 plates (Merck, Darmstadt, Germany). Compounds were visualized by UV light (254 nm) and evaluated in iodine vapour. Small-scale microwave-assisted synthesis was carried out in a StartSynth multimode microwave instrument producing controlled irradiation at 2.45 GHz (Milestone S.r.l., Sorisole, Italy). The instrument is equipped with an industrial magnetron and a microwave diffuser located above the microwave chamber, with continuous microwave output power from 0 to 1400 W. Reaction times refer to hold times at the temperatures indicated, not to total irradiation times. The temperature was measured with an IR sensor on the outside of the reaction vessel. HPLC monitoring analyses were performed on an Agilent 1200 series HPLC system equipped with a diode array detection (DAD) system, a quarternary model pump and an automatic injector (Agilent Technologies, Santa Clara, CA, USA). ChemStation Chromatography Software was used for data acquisition. Acetonitrile (HPLC grade, Sigma-Aldrich, 50.0%) and H 2 O (HPLC grade, Sigma-Aldrich, 50.0%) were used as the mobile phase. A Gemini-NX 100 (Phenomenex, Torrance, CA, USA), C18 3 μm, 2.0 × 100 mm chromatographic column was used with a total flow of 0.2 mL/min, an injection volume of 5 μL and a column temperature of 35 °C. A detection wavelength of 230 nm was chosen. The melting points were determined on a Boetius PHMK 05 (VEB Kombinat Nagema, Radebeul, Germany) and are uncorrected. Infrared (IR) spectra were recorded on a Smart MIRacle™ ATR ZnSe for Nicolet™ Impact 410 FT-IR Spectrometer (Thermo Scientific, Waltham, MA, USA). The spectra were obtained by accumulation of 256 scans with 2 cm C-NMR spectra were measured using APT pulse sequences. Carbon chemical shifts are referenced to the middle of the solvent multiplet (δ = 39.5 in DMSO-d 6 ). Mass spectra were measured using a LTQ Orbitrap Hybrid Mass Spectrometer (Thermo Electron Corporation, Waltham, MA, USA) with direct injection into an APCI source (400 °C) in the positive mode.
Synthesis
Procedure for Classical Synthesis of Ring-substituted Quinoline-and 4-chloroquinoline-2-carboxanilides
Quinoline-2-carboxylic acid (1a, 1.0 g, 5.8 mmol) was suspended in thionyl chloride (2.1 mL, 3.4 g, 28.9 mmol) at room temperature, and DMF (2 drops) was added. The mixture was refluxed for about 3 h and then evaporated to dryness. The residue was used directly in the next step. Into the solution of 2-quinaldic acid chloride in dry toluene (15 mL), triethylamine (4.5 mL, 2.92 g, 32.5 mmol) and the corresponding substituted aniline (5.8 mmol) were added dropwise. The mixture was stirred at room temperature for 24 h, after which the solvent was removed under reduced pressure. The residue was extracted with CHCl 3 . The combined organic layers were washed with water and saturated aqueous solution of NaHCO 3 and dried over anhydrous MgSO 4 . The solvent was evaporated to dryness under reduced pressure. The crude product and its 4-chloro derivative were isolated by flash chromatography (n-hexane/EtOAc 3: 2) and recrystallized from isopropanol or EtOAc.
Procedure for the Optimization of Microwave-assisted Synthesis
Quinoline-2-carboxylic acid (1a) or naphthalene-2-carboxylic acid (4a) or their esters 1b, 1c, 4b (1.7 mmol) and 4-bromoaniline (0.45 g, 2.6 mmol) were mixed in 10 mL round bottom flask and placed to the microwave reactor. Outlet of the reaction flask was connected with a tube attached to a condenser outside of the microwave reactor. The microwave output power was selected to maximum 800 W. The stirred reaction mixture was preheated to 150 °C by microwave irradiation and let to react at the same temperature for 2 h. The reaction was monitored by HPLC in time periods: 0.5 h, 1 h and 2 h. The results are presented in Table 1 .
General Procedure for Microwave-assisted Synthesis of Ring-substituted Quinoline-2-carboxanilides
Phenyl quinoline-2-carboxylate (1c, 250 mg, 1.0 mmol) and substituted aniline (1.5 mmol) were mixed in 10 mL round bottom flask and placed to the microwave reactor. Outlet of the reaction flask was connected with a tube attached to a condenser outside of the microwave reactor. The microwave output power was selected to maximum 800 W in order to avoid the observed pyrolysis problems. The stirred reaction mixture was preheated to 150 °C by microwave irradiation and let to react at the same temperature for 1 h. After cooling, the reaction mixture was diluted with chloroform (20 mL), washed with saturated sodium bicarbonate solution (2 × 10 mL) and brine (10 mL). The organic phase was then dried over anhydrous Na 2 SO 4 and the solvent was removed under reduced pressure. The crude product was recrystallized from isopropanol to yield pure substituted quinoline-2-carboxanilides 5-5c, 9-13c. 1689s, 1588m, 1579m, 1543m, 1530s, 1496m, 1440m, 1427m, 1302w, 1132w, 1204m, 908w , 842m, 768s, 736m, 698m; 3318w, 1687m, 1581m, 1519m, 1478w, 1408m, 1296w, 1124m, 1067w, 912w, 847m, 764s, 685m ; ): 3355w, 1693s, 1581m, 1522s, 1496s, 1423w, 1389m, 1305w, 1120m, 1095w, 1068m, 998w, 907w, 839s, 807s, 769s, 693w; 1686s, 1587s, 1528s, 1498M, 1454s, 1427s, 1422m, 1373w, 1305m, 1249w, 1201w, 1132m,  1091w, 1040w, 1013w, 981w, 954m, 932w, 907m, 872m, 842s, 793w, 765s , 1698s, 1590s, 1537s, 1498w, 1452m, 1423m, 1320m, 1288m, 1244w, 1202w,  1165m, 1124m, 1094m, 1054m, 1026m, 953w, 906w, 871w, 836m , 792w, 763s, 676m; isolated in high yields and purities. In the solid state of N-(4-bromophenyl)quinoline-2-carboxamide (5c) only typical intramolecular N1-H1···N2 contact was observed. The structure of 5c shows that there is no strong intermolecular interaction. Compound 5c is the first structure of this type of compounds with 3D organisation due to several short contacts. In general, the developed microwave-assisted solvent-free procedure for preparation of aromatic amides in good yields using a simple and efficient approach may find broad applicability in synthesis of various substrates containing amide functions.
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